The Ni-P deposits belong t o t h e amorphous a l l o y s which have been i n v e s t i g a t e d f o r t h e longest time and although they have been t h e subject of several PI s t u d i e s i n t h e l a s t decade, we s t i l l don't possess $ I generally accepted, uniform p i c t u r e about t h e i r physi c a l p r o p e r t i e s . Contradictions can be found i n t h e l i t e r a t u r e a s regards both t h e calorimetric measure-
ments and t h e d e s c r i p t i o n of t h e c r y s t a l l i n e s t r u c t u r e of phases occuring a f t e r c r y s t a l l i z a t i o n [2-81. The discrepancy i n t h e r e s u l t s on amorphous Ni-P deposits have been a t t r i b u t e d by many authors t o concentration inhomogeneities present i n t h e amorphous samples and it was pointed out i n some cases t h a t t h e degree and d i s t r i b u t i o n of inhomogeneities depends on t h e way of
preparation. The aim of t h e present study was, with t h e h e l p of d i f f e r e n t experimental methods, a compar i s o n of t h e p r o p e r t i e s of amorphous Ni-P a l l o y s prepared by d i f f e r e n t techniques.
Sample preparation. The samples used i n t h e present work were obtained by chemical reduction from two d i f f e r e n t s o l u t i o n s and by electrodeposition.
Measurements were a l s o done on r a p i d l y quenched samp l e s of two d i f f e r e n t compositions, t h e d e t a i l e d res u l t s of t h e i r study, however, w i l l be published elsewhere. The conditions f o r e l e c t r o l y t i c deposition a r e described i n d e t a i l s i n Ref. [9] .
The chemically reduced samples were obtained from a c i d i c baths and t h e chemical reduction was achieved b j r sodium hypophosphite. The d e s c r i p t i o n of t h e generally accepted s t e p s of t h e reduction process can be found i n t h e l i t e r a t u r e [lo]. The two solut i o n s used f o r chemical reduction d i f f e r e d only i n type of t h e n i c k e l s a l t dissolved: bath C contained 15-30 mg/cm3 N i~1~. 6~~0 and bath S contained 15-25 mg/cm3 NiS04-7H20. The r e s t of t h e ingredients was t h e same i n both cases : 10-20 mg/cm3 NaH2P02.H20, 50 mg/cm3 CH3COONa.3H20, 0.005 mg/cm3 s t a b i l i z e r . The pH value was 4-5 and t h e bath temperature was kept constant a t 91°c. The same s u b s t r a t e m a t e r i a l , subs t r a t e degreasing technique, a s well a s method of a c t i v a t i o n of s u b s t r a t e surface by SnC12 and PdC12 s o l u t i o n , t h e same surface -t o -volume r a t i o and mixing r a t e were applied i n every cases.
Exeprimental methods. The amorphous s t a t e and t h e amorphous-to-crystalline transformation of t h e Ni-P l a y e r s prepared by d i f f e r e n t techniques were inv e s t i g a t e d by transmission e l e c t r o n microscopy (TEM) by a JEOL 100-CX el-ectron microscope, by nuclear magnetic resonance (NMR) using a home-built continuous wave spectrometer, by measurements of elect r o n i c t r a n s p o r t p r o p e r t i e s ( e l e c t r i c a l r e s i s t i v i t y by t h e four-point DC method, and thermopower by t h e d i f f e r e n t i a l method [I 11 ) , and by d i f f e r e n t i a l scanning calorimetry (DSC) using a Perkin-Elmer c a l o r imeter.
The s t r u c t u r e of t h e amorphous s t a t e i n both chemically and e l e c t r o l y t i c a l l y deposited samples can be characterized by a s e l e c t e d a r e a electrond i f f r a c t i o n p a t t e r n which, i n accordance with t h e l i t e r a t u r e d a t a , shows a d i f f u s e r i n g a t t h e posi- 
. It i s worth t o note t h a t t h i s r i n g can correspond t o a second neighbour d i stance (higher harmonics) a s well but i n any case, it i s remarkable t h a t i t s p o s i t i o n coincides with
t h e f i r s t occuring l i n e 220 of t h e Ni5P2 compound ( s e e Fig. lc ) . A d e t a i l e d 3 1~ NMR study on t h e s e amorphous Ni-P a l l o y s i s reported elsewhere [ 9 ] .
Here we discuss only t h e r e l a t i o n between t h e Knight s h i f t K and t h e parameter k l c h a r a c t e r i z i n g t h e width of t h e Knight s h i f t d i s t r i b u t i o n . Assuming t h a t t h e b a s i c contribution t o K i s t h e contact s h i f t Ks = x < ( Y~( O )~~>~~ where xp i s t h e Pauli 3 p s u s c e p t i b i l i t y , Ys(0) i s t h e wave function of t h e s e l e c t r o n s a t t h e nucleus s i t e , and FS denotes an
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d from b a t h C t h e s t r u c t u r e Ni+ amorphous can be observed by TEM a f t e r t h e f i r s t c r y s t a l l i z a t i o n p r o c e s s . r e a c t i o n w i t h r a t h e r h i g h h e a t e v o l u t i o n took p l a c e and t h a t t h e sample became magnetic and remained magnetic even a f t e r e t c h i n g . No d e t a i l e d magnetic measurements have been performed up t o now. The f i r s t s t a g e o f c r y s t a l l i z a t i o n can be c o n s i d e r e d a s t h e development o f Ni-rich b u t s t i l l amorphous r eg i o n s a t l e a s t a s seen by TEM and t h e r e l a t i v e l y s m a l l d e c r e a s e i n r e s i s t i v i t y i s due t o a weak
s h u n t i n g e f f e c t . Fig. 7 shows
f r a c t i o n p a tt e r n s a f t e r t h e second c r y s t a l l i z a t i o n s t e p and dem o n s t r a t e s t h e p r e s e n c e o f N i P +Ni and N i P +Ni 7 3 5 2 p h a s e s . W e t h i n k t h a t t h e d i f f r a c t i o n p a t t e r n o f t h e l a t e l y mentioned phase ( N i P ) a g r e e s w i t h t h a t of 5 2 t h e hexagonal m i P phase identified a s a new phase
x Y by o t h e r i n v e s t i g a t o r s [13] . According t o t h e i r obs e r v a t i o n s it t r a n s f o r m s i n t o t h e t e t r a g o n a l N i P 3 phase. The d i f f r a c t i o n p a t t e r n s of F i g . 8 s u p p o r t t h a t a l s o i n o u r c a s e t h i s same r e a c t i o n t a k e s p l a c e i n t h e t h i r d c r y s t a l l i z a t i o n p r o c e s s . It should be mentioned f u r t h e r t h a t a f t e r c r y s t a l l i z a t i o n o n l y N i P +Xi c o u l d be i d e n t i f i e d as f i n a l phases i n sam-
3 p l e s i n which t h e t h i r d c r y s t a l l i z a t i o n s t e p . w a s a b s e n t ( t h i s was found b e s i d e s t h e S-type chemically reduced samples with low P-content i n b o t h e l e c t od e p o s i t e d and r a p i d l y quenched samples, t o o ) .
The e f f e c t o f phosphorous c o n c e n t r a t i o n was found t o be s y s t e m a t i c ( e x c e p t t h e C-type c h e m i c a l l y d e p o s i t e d a l l o y s ) a s r e g a r d s b o t h t h e amorphous-toc r y s t a l l i n e t r a n s f o r m a t i o n ( s e e F i g . 6 ) and t h e amorphous s t a t e a s it i s d e p i c t e d by F i g . 9 summar i z i n g t h e main r e s u l t s and i n c l u d i n g l i t e r a t u r e d a t a . Our room t e m p e r a t u r e r e s u l t s on t h e e l c t r i c a l r e s i s t i v i t y , t h e t e m p e r a t u r e c o e f f i c i e n t o f r e s i s t iv i t y , and t h e thermopower a r e i n agreement w i t h t h e measurements of Cote e t a l . [I&, 15') although t h e s p e c i f i c r e s i s t i v i t y which c a n b e measured o n l y w i t h g r e a t u n c e r t a i n t y seems t o be s y s t e m a t i c a l l y h i g h e r by 10 t o 30 % i n our c a s e . A d e t a i l e d s t u d y o f t h e s e r e s u l t s t o g e t h e r w i t h t h e t e m p e r a t u r e dependences and t h e i n t e r p r e t a t i o n s based on t h e extended Ziman t h e o r y w i l l be d i s c u s s e d e l s e w h e r e . The t r a n s f o r m a -
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JOURNAL DE PHYSIQUE -- Fig. 7 . In amorphous Ni-P alloys chemically depositea from bath S the following structures can be detected after the second crystallization step: (a) Ni P +Ni; (b) IJiSP2+IJi. 
